Rationale Individual differences in subjective alcohol effects have been shown to differ by risk status (e.g., family history of alcoholism) and to predict future risk for alcohol-related problems. Presumably, individual differences in both stimulant and sedative responses affect the rewarding value of drinking which, in turn, impacts future drinking behavior. Although plausible, this theoretical model is largely untested. Objectives The current study attempted to provide experimental evidence for the impact of subjective alcohol responses on within session drinking behavior. Materials and methods Using a placebo-controlled betweensubjects alcohol administration paradigm, experiences and evaluations of stimulant and sedative alcohol effects (after a target dose of 0.06 g%) were assessed as predictors of adlibitum consumption in the context of anticipatory stress. Results Analyses indicated that an initial dose of alcohol increased experiences of both stimulation and sedation although stimulant effects were evaluated much more positively. In addition, stimulant effects after a priming dose predicted further consumption, whereas sedative effects did not. Conclusions At least among moderate to heavy drinking college students, stimulant alcohol effects are more reinforcing and predict within session drinking behavior under social stress. Increased attention should be given to stimulant alcohol effects as a risk factor for excessive consumption in this population. Incorporating information about stimulant alcohol effects in prevention and intervention programs may also be important if additional research supports the current results.
Introduction
Although alcohol consumption is widespread in the USA, the vast majority of drinkers do not develop alcohol-use disorders. The American Psychiatric Association (DSM-IV-TR, 2000) reports that between two thirds and 90% of American adults have consumed alcohol during their lifetime, whereas the lifetime risk for alcohol dependence is approximately 15%, with an annual rate for alcohol dependence of approximately 5%. Although heavy alcohol consumption is a risk factor, consumption of alcohol alone is not sufficient for the development of alcohol-use disorders. Thus, differences at the environmental and individual levels are clearly important in understanding the development of alcohol use disorders.
At the individual level, one of the most robust risk factors is a positive family history of alcohol use disorders. Individuals with a positive family history of alcoholism are at substantially increased risk for developing alcohol abuse and dependence (Heath et al. 1997; Merikangas et al. 1998) . Furthermore, there is evidence that much of the familial transmission of alcohol use disorders is due to genetic influence (McGue 1998; Prescott and Kendler 1999) . Although there are likely multiple mechanisms through which genetic risk contributes to alcohol problems (e.g., personality traits, neurotransmitter function, etc.), one important mechanism appears to be the subjective response to alcohol (Krueger et al. 2002; Slutske et al. 1998; Schuckit et al. 2001 ).
Individual differences in subjective response to alcohol have been linked to both a positive family history of alcohol problems and increased risk for developing drinking problems. Sons of alcoholics have been shown to have a reduced subjective response to alcohol (Schuckit et al. 1987 ) and less body sway at 135 min after a low dose of alcohol (Schuckit 1985) . Low-level responders are thought to consume more alcohol to feel the effects of alcohol that others receive at lower doses, placing them at risk for overconsumption. Consistent with this theoretical model, individuals with a low subjective response to alcohol in early adulthood were shown to be at increased risk for the development of alcohol use disorders 15 years later (Schuckit and Smith 2000) . Although this model has received considerable support, some have suggested that the low subjective response characteristic of individuals with a positive family history of alcoholism is restricted to the descending limb of the blood alcohol curve (Newlin and Thomson 1990) . Further, there is evidence to suggest that a family history of alcoholism may actually be associated with a stronger response to alcohol as blood alcohol levels are rising (Kaplan et al. 1983; Nagoshi and Wilson 1987) .
In an attempt to provide a more comprehensive model of subjective response to alcohol, Newlin and Thomson developed the "differentiator model" which hypothesizes that individuals at high risk for developing alcohol-related problems have reduced sensitivity to the sedative effects and increased sensitivity to the stimulant effects of alcohol (Newlin and Thomson 1990) . Support for this model has been found in heavy drinking populations. Compared to lighter drinkers, heavy drinkers are more sensitive to alcohol's stimulating effects on the rising limb of the BAC curve and less sensitive to the sedating effects on the descending limb (Holdstock et al. 2000; King et al. 2002) .
Additional support for the differentiator model comes from research on alcohol expectancies, or the effects that individuals expect to receive from alcohol. Individuals with a familial risk of alcoholism and heavy drinkers expect greater stimulation and less sedation (Earleywine 1994; Holdstock et al. 2000; Dunn and Earleywine 2001) . Although it is unclear the extent to which expected effects are consistent with the actual effects experienced when drinking, the convergence of evidence from studies on pharmacological and expectancy effects provides rather compelling evidence in support of the differentiator model. Individuals at high risk for alcohol problems appear to experience greater stimulation and less sedation, which presumably puts them at risk for heavy drinking because they find alcohol use more rewarding. An important assumption of this argument, however, is that the stimulant effects experienced on the ascending limb are uniformly rewarding, whereas the descending limb effects are evaluated less positively.
Research, however, has shown that significant variability exists in evaluations of the desirability of specific alcohol effects (Critchlow 1987) . Outcomes often assumed to be negative, such as irresponsibility or increased motor impairment, are sometimes evaluated as positive incentive motivators (Fromme et al. 1994) . With respect to the differentiator model, alcohol abusers cite both euphoria and reducing negative affect as motivation to drink (Wood et al. 1992) . Drinkers who hope to reduce tension may find sedative effects more desirable and thereby evaluate effects on the descending limb more positively. The value of sedative effects may be particularly high for these individuals in the face of stressful circumstances in the environment. Although previous studies have not assessed evaluations of sedative responses after stress, there is evidence that stress influences alcohol's subjective effects in healthy social subjects by decreasing the strength of stimulant effects and increasing the strength of sedative effects (Söderpalm and de Wit 2002; de Wit et al. 2003) . Furthermore, increased societal stress has been shown to increase population levels of consumption (Linsky et al. 1987) , and increased alcohol consumption has been found following a variety of different stressors including insoluble arithmetic problems, interpersonal evaluations, and stressful imagery (Higgins and Marlatt 1975; Hull and Young 1983) . The effects of stress on alcohol consumption are thought to be associated with ethanol's anxiolytic effect (Conger 1956; Sher and Levenson 1982) , which predominates on the descending limb of the blood alcohol curve. Thus, it seems critical to examine both stimulant and sedative responses and evaluations of these responses as predictors of drinking behavior under stressful conditions.
Although the relative reinforcement value of alcohol can be measured in a number of ways, one of the best measures is the ability of an initial dose of alcohol to prime further consumption. Priming studies have been utilized to differentiate expectancy effects from the reinforcement value attributable to the true pharmacological effects of alcohol. Although a landmark study by Marlatt et al. (1973) suggested that priming was largely due to expectancy effects, more recent studies using higher initial doses suggest that pharmacological effects do, in fact, prime further consumption (Fillmore 2001; Fillmore and Rush 2001; Holdstock et al. 2000; Kirk and de Wit 2000) . However, little is known about the specific aspects of subjective response that serve to prime further consumption. Duka et al. (1998) , found that participants who experienced increased 'alertness' and 'attentiveness' after a priming dose consumed more alcohol when given free access. Duka and colleagues, however, assessed only the role of stimulant effects, characteristic of the ascending limb of the blood alcohol curve. Studies of the full range of subjective alcohol effects and evaluations of these effects are needed to improve our understanding of the rewarding properties of alcohol that drive further consumption.
The current study sought to more thoroughly evaluate the full range of subjective alcohol effects and evaluations of these effects by utilizing a placebo-controlled alcohol challenge. Following alcohol (or placebo) dosing, a social stressor was introduced and participants were given adlibitum access to alcohol. Inclusion of a social stressor in the protocol provided an additional potential incentive motivation to drink, and provided circumstances under which sedative effects might be positively evaluated, and therefore desirable. We assessed both the magnitude of stimulant and sedative effects and personal evaluations of how pleasurable these effects were to the participant. By analyzing both the experience of subjective effects and the reward value of these effects, we hoped to develop an improved understanding of how these effects may motivate continued drinking following a priming dose. We hypothesized that participants who received the initial alcohol dose would experience stronger subjective effects than those who received a placebo-priming dose, thus supporting the pharmacological properties of alcohol as essential to the priming phenomenon. Second, it was hypothesized that alcoholprimed individuals who favorably evaluated the subjective effects they experienced (either stimulation or sedation) would drink more when given free access to alcohol.
A sample of heavy drinking college students, without contraindications to alcohol consumption (e.g., history of treatment for alcohol use disorders, adverse reactions to alcohol) comprised the study sample. The college environment is one that poses significant risk for the development of alcohol-related problems, thus it provides an important population in which to explore factors that may result in problematic alcohol use. Although overall rates of use are similar to the general population (approximately 70% of college students consume alcohol), rates of heavy episodic drinking are quite high, exceeding 40% in national studies (Johnston et al. 2006; Wechsler et al. 2002) . Of greater concern, one study found that approximately 31.6% of college students met diagnostic criteria for alcohol abuse with an additional 6.3% meeting criteria for alcohol dependence (Knight et al. 2002) .
Materials and methods

Participants
Roughly equal numbers of male and female (50.3%) participants between the ages of 21 and 30 (M=22.17 years; SD=3.37), were recruited through a Southwest university newspaper and were compensated $50 for their involvement. A total of 174 participants met inclusion criteria of consuming five or more drinks (four or more for women) on at least 1 day each week, (Mean drinks per month= 61.55, SD=39.79). The racial breakdown of the sample included 69.0% European-American, 3.4% African-American, 14.4% Latina/o, 6.3% Asian-American, and 6.9% who indicated "other" or "multi-ethnic." The participants with contraindications to the consumption of alcohol (e.g., symptoms of alcohol dependence; pregnancy) were not accepted into the study.
Measures
Manipulation check
For the purpose of assessing the credibility of the placebo manipulation, participants were asked to estimate the number of standard drinks they had consumed following beverage administration. The participants were also asked to indicate how "high" and "intoxicated" they felt using a 100-mm visual analog scale. These measures are consistent with manipulation checks used in prior placebo-controlled alcohol administration studies.
Biphasic alcohol effects scale
The biphasic alcohol effects scale (BAES; Martin et al. 1993 ) is a 14-item questionnaire comprising two sub-scales that assess subjective experiences of alcohol stimulation (alpha=0.94) and sedation (alpha=0.87). The stimulant subscale consists of the following descriptors: elated, energized, excited, stimulated, talkative, up, and vigorous. The sedative subscale consists of the following descriptors: down, heavy head, inactive, sedated, slow thoughts, sluggish, and difficulty concentrating. The participants rated the extent to which they experienced each effect on 11-point scales from not at all (0) to extremely (10). The BAES was modified to also assess the desirability of each effect on the same 11-point scales. For each item, a rating experience by evaluation score was created by multiplying the experience and evaluation scores. These scores were then summed to create the stimulation and sedation subscales. Reliability of the modified BAES was comparable to the original measure (alpha=0.95 for simulation; alpha= 0.89 for sedation).
Profile of mood states
A revised version of the profile of mood states (POMS; Gabrielli et al. 1991; Nagoshi and Wilson 1988) was used to assess changes in mood over the course of the experiment. This version of the POMS is composed of five subscales: tension and anxiety, hostility, depression, being energetic, and friendliness. Using a 5-point Likert scale, participants were asked to rate the degree to which each item "best describes how you feel right now."
Time-line follow back interview
The time-line follow back interview (TLFB) is a structured interview that assesses past alcohol consumption (Sobell et al. 1986 ). Interviewers used a calendar to help participants recall how much alcohol they consumed on each day during the past month. Past research using this instrument has shown that individuals can provide accurate information about past drinking as far back as 3 months (e.g., Babor et al. 1987; Sobell et al. 1986 ).
Procedures
The participants completed the study in groups of two to four on weekday evenings. They were instructed not to eat after noon on the day of participation or to consume alcohol for 24 h prior. After providing informed consent, the participants completed a demographic form and the TLFB. The participants were then led into a simulated bar where two research assistants (one male and one female) served as bartenders. Each participant was given 10 min to consume each of three drinks consisting of either 80-proof vodka or placebo (decarbonated tonic water) combined with carbonated mixer (Cherry 7-up and lime juice). To reach a target blood alcohol concentration (BAC) of 0.06 g%, drink volumes were adjusted by weight and gender (to account for sex differences in total body water) of the participant. To facilitate the placebo manipulation, a small amount of 190-proof alcohol was floated on the surface of each drink and the glasses were rimmed with vodka. Participants and bartenders were blind to the contents (either vodka or placebo) of the bottle used to mix the drinks.
A 15-min absorption period followed completion of the third drink and blood alcohol concentration (BAC) was then assessed using an Intoxilyzer 5000 and a handheld Alcosensor IV. Readings from the handheld Alcosensor were taken throughout the protocol and used in all analyses. The second reading from the Intoxilyzer was taken because participants are able to see that the machine is printing the output of their BAC test. Printouts substituted by the researcher (but identical in appearance to the ones seen by participants) were then used to give visual feedback indicating a BAC of approximately 0.04 g%, regardless of beverage condition. The participants then completed the first BAES and POMS measures. During the next 30 min, the participants completed three blocks of trials on a stop signal task (Logan and Cowan 1984) each of which lasted approximately 10 min. Assessment of alcohol effects on the stop signal task was one of the goals of the study but is not directly relevant to hypothesis presented here. Following the stop signal task, breath alcohol concentrations and subjective experiences were reassessed.
Employing a standardized social stressor, the participants were then informed they would be giving a 5-min speech about what they liked and disliked about their bodies. This type of manipulation has been found to increase consumption of alcohol when ad-libitum access is provided (Higgins and Marlatt 1975) . A second POMS was administered as a manipulation check on the stressor. For the next 20 min, the participants were given free ad libitum access to a variety of alcoholic and nonalcoholic beverages, including wine, beer, mixed drinks, shots, sodas, water, and juice. For their own protection, no participant was allowed to order a drink that would lead to a breath alcohol concentration greater than .12 g%. The amount of alcohol consumed by each participant (mg) was recorded by an objective observer and calculated as a dependent measure of alcohol consumption. Following the ad-lib period, participants completed the speech, which was videotaped for later content analysis (Bacon et al. unpublished data). The participants were debriefed and held until their BAC was less than .02 g%, then paid and provided with transportation to their home.
Data Analyses
All analyses were conducted using SPSS, version 13.0 (SPSS Inc. 2004) . All variables to be used in the regression models were first examined for outliers and assumptions of normality. Evaluations of sedative alcohol effects and the sedative alcohol effects composite showed significant nonnormality in the data as indicated by values greater than 3 for skewness and kurtosis. These variables were log transformed to normalize the data (Tabachnick and Fidell 2005). Next, subjective effect measures (stimulant and sedative composite scores) were mean centered to minimize issues of collinearity and to facilitate the interpretation of interactions with gender and limb of the blood alcohol curve. Interaction terms were created by multiplying the relevant variables (e.g., gender X stimulant response) consistent with procedures outlined by Cohen and Cohen (1983) .
Before evaluating subjective responses as predictors of ad lib consumption, independent samples t tests and Chisquare analyses were conducted to test the effectiveness of the random assignment procedures in preventing baseline differences between groups. Additional preliminary analy-ses were conducted to assess the effectiveness of the placebo manipulation and to establish that subjective responses in the alcohol condition were not due purely to expectancy effects. Multivariate analysis of variance (MANOVA) was used to examine the impact of beverage condition and gender on subjective alcohol responses for the full sample (N=174). The remaining analyses were conducted separately for participants in the alcohol (n=91) and placebo (n=81) conditions. Analyses were conducted separately by condition because participants in the alcohol condition (mean BAC prior to ad-lib consumption=0.067) were able to consume less alcohol than placebo participants (mean BAC prior to ad-lib=0.000) before reaching the cutoff of .12 g%. Thus, direct comparisons of the amount consumed by beverage condition would be confounded by the amount of alcohol participants were allowed to consume.
Within each beverage condition, we first examined changes in mood resulting from the social stressor as predictors of ad lib consumption. The predictors comprised changes in POMS subscale scores from before to after the introduction of the social stressor. The subscales that were significantly associated with ad-lib consumption were included as covariates in the regression models testing the primary hypotheses. Changes in "tension and anxiety" subscale scores were included even when they did not significantly predict ad-lib consumption given their conceptual relevance with respect to the social stressor.
For the primary analyses, separate multiple regression models were used to assess stimulant and sedative effects as predictors of ad-lib consumption. In the alcohol condition, gender, typical monthly consumption, BAC, BAC limb, and POMS scores were entered in step one. We used the BAC measurement taken just before ad-lib consumption (45 min), and BAC limb was based on change in BAC from 15 min post-alcohol administration to 45 post-administration. The result was a dichotomous variable coded as 0 (BAC falling) and 1 (BAC rising). This variable was included given well-established differences in subjective response by BAC limb. Subjective responses (stimulation or sedation), were entered in step two, followed by the gender by subjective response and BAC limb by subjective response interactions in step three. The dependent measure of ad-lib drinking was adjusted to account for the effect of the maximum BAC limit on consumption. For participants who ordered a drink but were not allowed to consume it (due to maximum BAC) the amount ordered was added to the total amount consumed. Thus, for those who did not reach their maximum BAC, values reflected the total amount actually consumed whereas the value represented an "estimated" total consumption for those who reached their maximum BAC. The bivariate correlation between total amount consumed and the adjusted total consumption measure was 0.907. Analyses in the placebo condition were identical with the exception of the BAC and BAC limb variables, which were not relevant for this group (BAC= 0.000 g%). As a consequence, the gender by BAC limb interaction was also eliminated from the placebo models.
Results
Comparability of Groups at Baseline
Analyses were first conducted to determine if random assignment to alcohol and placebo groups was successful in preventing baseline differences between groups. Independent samples t tests were used to test for baseline differences in age and typical weekly alcohol consumption, and Chi-square analyses were used to test for gender and ethnic group differences by beverage condition. Results of the t tests indicated that the groups did not differ with respect to age, t(172)=.887, p=.376, or typical weekly drinking, t(171)=−0.640, p=0.523. Chi-square analyses also failed to identify any significant group differences [gender; Χ 2 (1)=.005, p=.942 and race/ethnicity; Χ 2 (5)= 6.789, p=.237]. Mean (or percentile) values are presented by beverage condition in Table 1. Credibility of the placebo A MANOVA with beverage condition (alcohol versus placebo) as the independent variable and subjective response measures (perceived number of standard drinks, "high" and "intoxication" ratings) as dependent variables found a significant omnibus effect of beverage condition, F (3,167)=26.067, p<0.001, and significant univariate effects for each outcome measure (p values<0.001). Although the participants in the placebo condition reported lower values on all measures, ratings compared favorably to recent studies in other laboratories (Fillmore and Rush 2001; Kirk and de Wit 2000) . Placebo participants believed they consumed a moderate dose of alcohol and reported moderate levels of intoxication. Estimated number of standard drinks and ratings of "high" and "intoxication" are presented by beverage condition in Table 2 .
Effects of beverage condition on subjective responses
A 2 (beverage condition) by 2 (gender) multivariate analysis of variance (MANOVA) was used to evaluate differences in subjective experiences and evaluations of stimulation and sedation immediately before the ad-lib period. Individual measures of stimulant and sedative experiences and evaluations were used as the dependent measures in this analysis for ease of interpretation, although results were very similar when the analyses were conducted using the composite scores. Consistent with study hypotheses, subjective alcohol effects differed significantly by beverage condition, F(4, 150) = 9.419, p < 0.001, with participants in the alcohol condition reporting greater stimulation, F(1, 153)=26.636, p<0.001, and sedation, F (1, 153)=9.603, p=0.002. Although evaluations of stimulant effects did not differ by condition, participants in the alcohol condition evaluated sedative effects more favorably than did placebo participants, F(1, 153)=4.639, p=0.033. See Fig. 1 for subjective responses by beverage condition. An overall effect of gender also emerged, F(4, 150)=4.33, p=0.002, with men reporting greater stimulation, F(1, 153)= 6.206, p=0.014, and more positive evaluations of sedative effects, F(1, 153)=5.705, p=0.018. When the covariate of typical weekly drinking was added to the model to control for gender differences in alcohol use, the gender difference for evaluations of sedative effects remained significant, F(1, 151)=5.164, p=0.024, whereas the gender difference in stimulant response was only marginally significant, F(1, 151)=2.847, p=0.094.
Subjective alcohol effects, stress, and ad-libitum consumption in the alcohol condition Analyses were first conducted within the alcohol condition, in which the mean number of drinks consumed during the ad-lib period was 1.32 (SD=0.72). The adjusted number of drinks consumed (accounting for participants who were not allowed to consume the last drink they ordered) was 1.65 (SD=0.95). An initial regression model was conducted to examine changes in mood related to the social stressor as predictors of ad-lib consumption. Change scores (before and after introduction of the social stressor) for the five POMS subscales were entered as simultaneous predictors in this model. The only POMS subscale significantly associated with ad-lib consumption was the "being energetic" subscale. The participants who reported greater increases in energy after the introduction of the social stressor consumed more alcohol during the ad-lib period.
Next, stimulant effects were assessed as a predictor of ad-lib drinking. Variables entered in the first step of this model (gender, typical weekly drinking, pre-ad-lib BAC, BAC limb, and POMS "tension and anxiety" and "being energetic" scores) accounted for a significant proportion of the variance in ad lib drinking, although the only significant beta coefficients were for typical weekly alcohol use and changes in "being energetic" associated with the social stressor. Heavier typical drinking and greater increases in energy following the introduction of the social stressor were associated with greater ad-lib consumption. At step 2, the stimulant effects composite was significantly and positively associated with ad-lib drinking. The interaction terms entered in step three did not account for significant variance Table 3 for all β and p values in the regression model. Because the majority of participants were on the ascending limb of the blood alcohol curve before adlib consumption, the power to detect a limb by subjective response interaction was relatively low. For this reason, we looked at the standardized coefficients for those on the ascending (n=55) and descending (n=17) limbs, respectively, and found a stronger effect of stimulation on ad-lib drinking for those on the ascending limb (β=0.370), relative to those on the descending limb (β=0.212).
In the sedative effects regression model, the same pattern of results emerged in step 1 of the model, but the sedative effects composite entered in step 2 was not significantly associated with ad-lib consumption, β=0.103, p=0.356. In addition, the interaction terms entered in step three did not account for significant variance in ad-lib drinking, F(2, 66)= 1.588, p=0.212. For the reasons stated previously, we looked at the standardized coefficients for those on the ascending and descending limbs, respectively. The size of the effect for those on the ascending limb (β=0.148) was larger than for those on the descending limb (β=0.048).
Subjective alcohol effects, stress, and ad-libitum consumption in the placebo condition Within the placebo group, the mean number of drinks consumed during the ad-lib period was 1.66 (SD=1.34). The adjusted number of drinks consumed (accounting for participants who were not allowed to consume the last drink they ordered) was 1.69 (SD=1.39). Once again, an initial regression model was conducted to examine changes in mood related to the social stressor as predictors of ad-lib consumption. In the placebo group, changes in POMS scores were not associated with ad libitum consumption for any of the subscales (all p values>0.15). Thus, only changes in "tension and anxiety" scores were included in the primary regression models.
In the stimulant effects regression model, variables entered in the first step (gender, typical weekly drinking, and POMS "tension and anxiety" scores) accounted for a significant proportion of the variance in ad lib drinking, although none of the individual regression coefficients were statistically significant. In contrast to the results in the alcohol condition, the stimulant effects composite entered in step 2 failed to predict ad-lib drinking. The interaction term (gender by stimulation) entered in step three also failed to account for significant variance in ad-lib drinking. All β and p values are provided in Table 4 to allow comparison to the results for the alcohol condition (Table 3 ). In the sedative effects regression model, the same pattern of results emerged in step 1 of the model with significant variance accounted for, F(3, 60)=3.682, p=0.017, but no significant regression coefficients. Consistent with the sedative effects model in the alcohol condition, the sedative effects composite entered in step 2 was not significantly associated with ad-lib consumption, β=0.001, p=0.993. The gender by sedative effects interaction term also failed to account for significant variance in ad-lib drinking, β= 0.235, p=0.143.
Discussion
The current study examined the experience and evaluation of stimulant and sedative alcohol effects as predictors of adlibitum consumption following a priming dose of alcohol (target BAC of 0.06 g %) or placebo in the context of anticipatory stress associated with an upcoming speech. The alcohol and placebo primed groups differed with respect to their subjective experiences, with alcohol primed participants reporting stronger stimulant and sedative effects. The participants in the alcohol condition who reported greater stimulant effects also consumed significantly more alcohol when given ad-libitum access to alcohol. Sedative effects, on the other hand, were not predictive of ad-lib consumption, suggesting that such effects may not be as rewarding. Consistent with this possibility, both men and women reported stronger stimulant relative to sedative alcohol effects and evaluated stimulant effects more positively. In addition, men, who are consistently at higher risk for alcohol-related problems, reported greater stimulation than did women. It is important to note, that the increased stimulant response in men was at least partly due to their heavier typical drinking. When typical weekly consumption was accounted for the gender difference in stimulant response was only marginally significant.
In contrast to results in the alcohol condition, stimulant effects experienced by placebo participants were unrelated to ad-libitum alcohol consumption. Although not statistically significant, stimulant effects were inversely associated with ad-lib drinking for placebo participants. These results lend confidence to the assertion that stimulant effects that were predictive of drinking among participants in the alcohol condition were true pharmacological effects. In other words, the expectation of stimulation, in the absence of true stimulant alcohol effects, was not sufficient to prime alcohol consumption. Sedative effects following placebo also failed to predict ad-lib drinking, suggesting that neither expected or experienced sedation primed further drinking in the context of anticipatory stress.
The lack of association between sedative effects and adlib consumption did not support the tension reduction (TR) model, which suggests that individuals learn to use alcohol for its tension-reducing effects, leading to increased consumption and eventual alcohol abuse and dependence (Bales 1946; Conger 1956; Cappell and Herman 1972; Wechsler and Wilson 1982) . However, it is important to recognize that sedative response, as assessed by the measure used in the current study (BAES), fails to adequately assess more positive sedative effects (e.g., anxiolysis) that are most relevant to the TR model. Thus, additional studies that better capture these effects are necessary to adequately test the TR model. Nonetheless, the lack of support for the TR model in the current study is consistent with a number of other retrospective and prospective studies (for a review, see Pohorecky 1991) . The lack of consistent support for the TR model may be due, at least in part to the fact that only a subset of individuals drink primarily in response to stress, such as those with comorbid anxiety disorders (Hussong et al. 2001) . Thus, the population of moderate to heavy drinking college students in the current study may have included a very small number of individuals who drink primarily to reduce stress. Future studies of sedative effects as a predictor of within session drinking should be extended to populations for whom such effects may pose the greatest risk.
The results of the current study suggest that a comprehensive model of alcohol abuse must incorporate the full range of alcohol effects an individual might find rewarding (Holdstock et al. 2000; King et al. 2002; Martin et al. 1993; Martin et al. 1991) . In addition to identifying specific risk factors for individual populations, such studies have the potential to improve our understanding of how different subjective effects may be important at different stages in the development of alcohol-related problems. Neurobiological research has suggested that a shift in the rewarding effects of a substance from positive to negative reinforcement may be associated with dependence. According to this model, the development of alcohol dependence results from the emergence of negative emotional states associated with a decrease in activity of the brain reward system, increases in activity of the brain stress systems, and dysregulation of the brain antistress systems resulting from heavy use (Koob 2006) . Again, the population of heavy drinking college students in the current study may not have experienced a motivational shift away from stimulant effects towards sedative effects. Thus, additional research is needed to explore whether subjective effects predictive of within session drinking change as heavy drinking evolves into dependence.
Although sedative effects may emerge as an important predictor of within session drinking with time, the current study indicates that stimulant effects are an important influence among individuals who consume alcohol heavily. Stimulant effects were an important predictor of ad lib consumption even under social stress which might reduce the reward value of these effects. Thus, it is important to assess the full range of subjective effects, as the reward value of stimulant effects may be an early marker of risk that could be used to identify individuals at risk for developing later problems. In addition, interventions developed to address heavy drinking may benefit from increasing the focus on the rewarding aspects of stimulant effects as a drinking motive, rather than solely focusing on the sedative effects used to self-medicate.
Despite the important implications of these findings, there were several limitations of the current study that might be addressed in future studies. First, absolute levels of ad-lib consumption could not be compared across study conditions because the participants in the placebo condition were able to consume more alcohol before reaching the cutoff BAC of.12 g%. Although this methodology is not ideal, allowing participants to self-administer alcohol at higher levels would raise serious ethical concerns. Second, because ad-lib consumption was assessed in the context of anticipatory stress, we can say with confidence only that stimulant effects lead to further consumption under conditions of social stress. Additionally, all participants were subjected to a social stressor making it difficult to identify what, if any, effects were due to stress. Furthermore, although the subjective value of the stimulant and sedative effects were assessed, there was no direct evaluation of possible reasons why these effects motivated further drinking in this context. For example, participants with a strong stimulant response may have consumed alcohol to facilitate speech performance, whereas those with more of a sedative response may have avoided further alcohol for the same reason. To further understand the impact of social stress on how stimulant and sedative effects prime drinking behavior, future studies would benefit from direct assessment of motivations to achieve stimulant or sedative effects within the context in which the drinking occurs. Additional studies in other contexts are also needed to establish the generalizability of these findings to contexts in which participants do not experience an acute stressor.
Another limitation to the current study was the exclusive reliance on self-report measures of stimulation and sedation, as individuals could experience the same physiological sensations but label them differently. The inclusion of physiological measures of stimulation and sedation, such as heart rate, blood pressure, and skin conductance, would strengthen the current findings. Although there is often a low correlation between self-reported emotional states and physiological indices (Lang 1994) this has not been thoroughly investigated for the subjective effects of alcohol. Previous research has demonstrated, for example, that the stimulant properties of alcohol involve both physiological and subjective elements (Conrod et al. 2001; Davidson et al. 2002; King et al. 2002) . Additional research showing that physiological stimulation leads to further drinking would provide a stronger foundation for the argument that individual differences in subjective experiences of stimulation are based upon pharmacology rather than expectancy.
Finally, due to the timing of the ad-lib period in the current study, most participants were on the ascending limb of the blood alcohol curve before the ad-lib period. Because sedative effects are more prominent on the descending limb, the predictive value of sedative effects may have been reduced by assessing these effects primarily on the ascending limb. Although we cannot rule out this possibility, examination of the regression coefficients separately for those on the ascending and descending limb provided no evidence in support of this possibility. The positive relation between sedative effects and ad-lib consumption was actually stronger among those assessed on the ascending limb. Nonetheless, studies of sedative effects on the descending limb with larger sample sizes are needed.
Despite the limitations of the study, the results have important implications for future research and practice in the area of addictive behaviors. Consistent with the idea that there are multiple pathways to addiction (Zucker et al. 1995) , stimulant effects may dominate for some, whereas sedative effects may be more central for others. Strong experiences of stimulation or sedation, for example, may provide a useful marker for alcoholism risk, assisting in the identification of at-risk individuals. Second, treatment for alcohol problems often focuses on effectively coping with stress and negative emotional states. Although this is undoubtedly an important aspect of treatment, additional treatment components may be needed to address the positive reinforcing role that alcohol plays for many drinkers. Additionally, examining both sides of the drinking curve over the evolution of drinking experience may provide important information about how transitions in the reward values of stimulant and sedative effects may accompany the transition from heavy use to dependence.
